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© Deposition of diamond films. 



© Diamond films are deposited at substrates below 
temperatures of 400 'C by chemical vapour deposi- 
tion using a high powered pulsed laser and a vapour 
which is an aliphatic carboxylic acid or an aromatic 
carboxylic anhydride. 
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DEPOSITION OF DIAMOND FILMS 



The present invention is concerned with a 
laser-assisted chemical vapour deposition process 
for creating diamond films. 

In the^ prior art, temperatures in the range of 
800- 1, 000 *C have been required to produce de- s 
posits of diamond films. Matsumoto et al. f J. Mat 
Sci.. V. 17, p. 3106. 1982. The required use of 
such high temperatures has drastically limited the 
practical application of such processes. 

Processes for depositing diamond films includ- 10 
ing thermal chemical vapour deposition, plasma 
chemical deposition, and electron-assisted chemi- 
cal vapour deposition. RF sputtering and ion beam 
have also been reported in the literature. Hirose et 
aL, JAP J. AppL Phys., 25, L519, 1986. These is 
processes typically require severe conditions with 
high substrate temperatures (650-1 ,200 ° C) which 
will destroy most substrates used in electronic ap- 
plications. 

U. S. Patent Nos. 3,961.103. 4.434.188. 20 
4,490.229 and 4.604,294 all show various film de- 
position processes, but they obviously differ from 
the process of the present invention. 

According to the present invention, diamond 
films are deposited on substrates by a process 25 
using an organic compound whrch vapourizes with- 
out decomposition and which is either an aliphatic 
carboxylic acid or an aromatic carboxylic anhy- 
dride. The process requires the use of a high 
powered, pulsed laser, such as an excimer laser or 30 
a Nd:YAG laser. 

Aliphatic carboxylic acids useful in the present 
invention include the preferred compounds malonic 
acid and acetic acid. The preferred aromatic car- 
boxylic anhydride for use in the present invention 35 
is pyromellitic dianhydride. 

Preferred excimer laser wavelengths for use in 
the present invention include KrCI at 220 nm. KrF 
at 248 nm, XeCI at 308 nm and XeF at 351 nm. 
Preferred wavelengths from the NdtYAG laser in- 40 
elude the fourth harmonic at 266 nm and the third 
harmonic at 355 nm. At these wavelengths the 
deposited diamond film will not be ablated. 

In carrying out the invention, the proper acid or 
anhydride is evapourated into a confined space 45 
wherein the substrate is located. The use of a 
carrier or buffer gas such as hydrogen, oxygen or 
argon is desired. Preferably the starting organic 
compound in the vapour phase is present at a 
concentration of from about 1/10% to 10% by so 
weight of the total gas, most preferably about 5%. 
The total pressure should preferably be between 
0.1 Torr and 100 Torr, most preferably between 1 
Torr and 10 Torr. It is a particularly noteworthy 
feature of the present invention that the initial tem- 



perature of the substrate is below 400 °C, and in 
fact is preferably less than 150°C. This is in sharp 
contrast to prior art methods which require much 
higher temperatures. Room temperature may con- 
veniently be used as may temperatures as low as 
0 C. In the operation of the process, a film of 
diamond is deposited on the substrate where the 
laser strikes the substrate. The area of the deposi- 
tion is controlled by the area of the laser beam and 
is limited only by the size of the laser beam. A 
second laser using longer wavelength light (>400 
nm), e.g. second harmonic of Nd:YAG at 532 nm, 
can also be used in conjunction with the process 
described above to selectively remove sp 2 carbon 
and deposit a purer diamond film. 

Diamond films have many properties desirable 
for use in the electronic industries. Diamonds films 
are hard, transparent, chemically inert, electronic 
insulators, semi-conductors and have low friction. 
The process of the present invention makes it 
possible to place a material with these desirable 
characteristics where desired. In instances where it 
is important that the deposited diamond film ad- 
here tightly to the substrate, it is believed desirable 
that the substrate be a material which is a carbide 
or forms a carbide. Many metals are known to form 
carbides, for example, tungsten and molybdenum. 
A substrate particularly preferred for use in the 
present invention is silicon, most particularly silicon 
011). 



Example 1 



Malonic acid vapour and hydrogen were 
passed over a silicon substrate at room tempera- 
ture (25 °C) and irradiated with a lightly focussed 
KrF laser beam for 1.5 hours. The resulting deposit 
was 5 mm x 15 mm and 1u thick. Reflectance 
Raman spectroscopy and Auger spectroscopy of 
this sample shows it to be diamond. 



Example 2 



in two separate experiments malonic acid and 
pyromellitic dianhydride were each introduced to 
the deposit cell by vapourization of the solids. He 
at 10 Torr was added as a buffer gas. The diamond 
deposition was initiated by the 248 nm laser 
photodissociation of the organic precursor. The 
second harmonic NdrYAG laser (532 nm) was then 
used to photo-ablate any non-diamond inclusions in 
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the film. The substrate temperature for these depo- 
sitions was 150* C. Raman spectroscopy confirms 
the reduction in the amount of sp 2 contamination. 



Claims 

1 . A process for depositing a diamond film on 
a substrate said process comprising the steps of: 

(a) confining in an enclosed space which w 
includes a substrate at a temperature below 

400 C t the vapour of a compound which is al- 
iphatic carboxylic acid or an aromatic carboxylic 
anhydride; and 

(b) irradiating said vapour with a high power- 75 
ed, pulsed laser which strikes the substrate thereby 
depositing a diamond film on the substrate at the 
places struck by the laser radiation. 

2. A process as claimed in claim 1 wherein a 
carrier gas is employed. 20 

3. A process as claimed in claim 2 wherein the 
carrier gas is hydrogen, oxygen or argon. 

4. A process as claimed in any preceding 
claim, wherein the substrate temperature is below 
150° C. 25 

5. A process as claimed in any preceding 
claim, wherein the vapour is that of malonic acid. 

6. A process as claimed in any one of claims 1 
to 4, wherein the vapour is that of acetic acid. 

7. A process as claimed in any one of claims 1 30 
to 4, wherein the vapour is that of pyromellitic 
dianhydride. 

8. A process as claimed in any preceding 
claim, wherein a second laser at longer wavelength 
(>400 nm) is used to reduce sp 2 contamination in 35 
deposited film. 



40 



45 



50 



55 



JSDOCID: <EP 0382341A1_L» 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 90 30 0318 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant. CI. 5) 



APPLIED PHYSICS LETTERS, vol. 49, no. 
11, 15th September 1986, pages 634-635, 
American Institute of Physics, New 
York, NY, US; K. KITAHAMA et al . : 
"Synthesis of diamond by laser-induced 
chemical vapor deposition" 

* Page 635, paragraph 2 * 

US-A-4 816 286 (Y. HIROSE) 

* Abstract; column 3, line 9 * & 
WO-A-87 3307 (SHOWA DENKI) 04-06-1987 



1-4,6 



1-4,6 



The present search report has been drawn up for ait claims 



Place of search 

THE HAGUE 



C 23 C 16/26 

C 23 C 16/04 

C 30 B 25/02 

C 30 B 29/04 



TECHNICAL FIELDS 
SEARCHED ant- CIS) 



C 23 C 

C 30 B 



Date of completion of the search 

17-05-1990 



Examiner 

PATTERSON A.M. 



3 



c 
a. 



X: 
Y : 



CATEGORY OF CITED DOCUMENTS 

: particularly relevant if taken alone 
: particularly relevant if combined with another 
document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



